UNCLASSIFIED 


AD  NUMBER 


AD464010 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release^  distribution 
unlimited 


EROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  Use;  APR  1965. 
Other  requests  shall  be  referred  to  US 
Naval  Ordnance  Lab.^  White  Oak^  Silver 
Spring,  MD. 


AUTHORITY 


us  Naval  Ordnance  Lab  Itr  dtd  25  Jan  1966 


THIS  PAGE  IS  UNCLASSIEIED 


UNCLASSIFIED 


AD  4  6  4  0  1  0 


DEFENSE  DOCUMENTATION  CENTER 

FOR 

SCIENTIFIC  AND  TECHNICAL  INFORMATION 

CAMERON  STATION  ALEXANDRIA.  VIRGINIA 


UNCLASSIFIED 


ROncS:  When  govemnent  or  other  drawings,  specl> 
ficarlons  or  other  data  are  used  for  any  purpose 
other  than  In  connection  with  a  definitely  related 
govenment  procurement  operation,  the  U.  S. 
Government  thereby  incurs  no  responsibility,  nor  any 
obligation  \diatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  is^lication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation ,  or  conveying  any  ri^ts 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 


TfflS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE  COPY 
FURNISHED  TO  DTIC  CONTAINED 
A  SIGNinCANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


NOLTR  65-47 


O 

;d 


SHOCK  SENSITIVITY  AND  HAZARD 
CLASSIFICATION 


<C  c/" 

CD 


NOL 


20  APRIL  1965 


UNITED  STATES  NAVAL  ORDNANCE  LABORATORY.  WHITE  OAK.  MARYLAIi 


AVAILABLE  rCPY  VTIl  NOT  PERMIT 
Fnj.Y  LrniB’.E  BEPuC  DUCnON. 
RETRO  J  J' ,  .'iON  WILL  3E  r^ADE  IP 
KEQUrsriT!  BY  UiviUIS  OF  DDG, 


4  6  4  0 


\-i  •  '  t 


NOTICE 


Requests  for  additional  copies  by  Agencies  of  the  Departmer.t  of  Defense, 
their  contractors,  and  other  Government  agencies  should  be  directed  to: 

Defense  Documentation  Center  (POC) 

Cameron  Station 
Alexandria,  Virginia 

Department  of  Defense  contractors  who  have  est^'.blished  DDC  services  or 
have  their  'need-to-know’  certified  by  the  cognizant  military  agency  of 
their  project  cr  contract  should  also  request  copies  from  DDC. 


KOMR  65-47 


Shock  Sensitivity  and  Hazard  Classification 

I.  Jaffa 


ABSTRACT:  The  shock  sensitivity  of  a  fuel  oil«aiBB»niusi  nitrate 
mixture  (nitrocarhonitrate)  is  less  than  zero  cards  on  the 
large  scale  gap  test,  hut  122  cards  on  tbs  "extended”  gap  test. 
The  latter  test  value  results  from  the  ease  of  initiating  the 
reaction  whereas  the  no*go  on  the  standard  teat  results  from 
the  very  small  damage  caused  hy  the  detonation  reaction.  It  is 
suggested  that  the  hazard  classification  of  nitrocarhonitrate 
he  Class  A  or  mass  detonating  because  of  the  ease  with  which 
tliis  reaction  is  initiated. 
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Shock  Sensitivity  and  Hazard  Classification 


INTRODUCTION 

The  Defense  Department  has  established  standard  tests 
which  determine  the  hazard  classifications  and  hazard 
characteristics  for  ammunition  and  explosives  (1),  For  the 
first  time,  minimum  test  criteria  have  been  specified  for  solid 
propellants.  Previously  solid  propellants  were  tested  and 
treated  as  explosives,  and,  as  such,  the  handling  and  use  of 
these  materials  in  the  field  were  restricted.  The  new  tests 
establish  hazard  classifications  for  shipping  and  storage  and 
also  determine  certain  hazard  characteristics  for  solid  pro¬ 
pellants,  This  latter  information  is  particularly  useful  in 
guiding  the  safe  handling  of  a  missile  or  device  containing 
solid  propellant  in  the  field. 

The  present  instructions  (l)  calls  for  a  four  phase 
program  to  be  run  from  the  inception  of  the  propellant  in  the 
laboratory  to  the  completed  missile.  However,  the  proposed 
revision  of  the  tests  to  be  adopted  in  the  near  future  calls 
for  only  three  phases.  These  are; 

Phase  I  -  The  tests  are  made  to  determine  the  hazard 
classification  of  the  solid  propellant  in  the  laboratory  stage. 
Tests  are  made  on  small  samples  mainly  to  determine  the 
Interstate  Commerce  Commission  (ICC)  classification  for  shipment. 

Phase  II  -  These  tests  are  made  on  larger  samples,  from  a 
few  pounds  to  the  full  scale  device,  and  the  results  are  used  to 
determine  ICC  and  Military  classifications.  The  latter  is  a 
classification  which  is  used  throughout  the  Defense  Department, 

Phase  III  -  The  tests  are  made  on  the  completed,  assembled 
system  and  the  results  are  used  for  ICC  and  Military  classifica¬ 
tion  as  well  as  to  establish  any  specific  hazards  peculiar  to 
the  system. 

The  Laboratory  is  one  of  the  work  groups  v?hlch  developed 
the  criteria  for  the  required  safety  tests  (1),  Specifically, 
it  was  responsible  for  the  development  of  the  shock  sensitivity 
test  (card  gap  teat)  used  in  Phase  II,  This  test  Is  essentially 
the  same  as  the  NOL  shock  sensitivity  test.  The  main  exception 
is  the  use  of  a  pentolite  donor  Instead  of  the  tetryi  donor, 
Pentollte  is  a  somewhat  stronger  booster  and  is  easier  to  obtain 
commercially  than  tetryi. 
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A  500  probability  point  of  70  cards  wr  chosen  as  the 
boundary  between  the  classification  of  mateixals  for  which  the 
hazard  is  chiefly  fire  hazards  and  mass  detonation,  respectively 
(1),  If  a  propellant  detonates  with  a  500  point  gap  below  70 
cards  its  chief  hazard  is  considered  to  be  combustion  rather 
than  detonation;  seventy  cards  or  above,  its  chief  hazard  is 
considered  to  be  a  mass  detonation.  The  gap  equivalent  of 
1,78  cm  (0.70  Inches)  was  an  arbitrary  choice  based  upon  the 
available  results  of  shock  sensitivity  tests  on  solid  propel¬ 
lants  and  the  experience  with  these  materials  in  the  field. 

To  obcaln  a  more  realistic  figure,  it  was  sxiggested  that 
a  series  of  materials  known  as  "nltrocarbonltrates"  be  shock 
tested.  These  materials  are  classified  by  the  ICC  (Bureau  of 
Explosives)  as  fire  hazards;  however,  they  are  considered  by  the 
Bureau  of  Explosives  to  be  quite  close  to  the  materials  classi¬ 
fied  as  detonation  hazards.  It  was  hoped  that  the  results  of 
these  shock  sensitivity  tests  would  give  some  proper  guidance 
for  the  choice  of  a  more  realistic  figure  for  classification  in 
the  card  gap  test.  Phase  II, 

1  EXPERIMENTAL 

''Nltrocarbonltrates”  are  essentially  ammi.  lium  nitrate  to 
which  some  fuel  (coal,  oil)  has  been  added.  T!  i  material 
tested,  HP-61*,  contains  a  major  portion  of  ummonliun  nitrate 
and  small  amounts  of  coal  and  "hydrocarbon  oil".  The  material 
is  shipped  in  paper  sacks,  has  a  dark  greyish  color  and  a  con¬ 
sistency  of  coarse  sand. 

Twenty  of  the  standardized  steel  tubes  used  in  the  NOL 
gap  test  were  sealed  off  at  one  end  by  cementing  a  cellulose 
acetate  card  to  the  bottom  of  the  tube.  The  tubes  were  care¬ 
fully  weighed  and  measured  to  determine  their  volume  and  mass 
before  a  given  mass  of  the  "nltrocarbonltrate "  was  poured  into 
them.  The  density  of  the  charges  was  adjusted  to  0,8  g/cc, 
which  is  the  manufactured  density  and  the  working  density  in  the 
field. 

Both  the  NOL  standard  gap  test  and  the  extended  gap  test 
have  been  described  in  the  literature  in  detail  (2,  3,  4), 
Figures  1  and  2  are  schematic  drawinga  showing  the  important 
features  of  the  tests.  In  both  Instances  a  standard  donor 
composed  of  two  pressed  graphlted  tetryl  pellets  (p  »  1,51  .■ 

0,01  g/cc)  is  initiated  by  a  No,  6  detonator**,  A  variable^gap 


*  Manufactured  by  the  Hercules  Powder  Co,,  Kcnvil,  N.  J, 

•*  Manufactured  by  Olin  Mathieson 
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is  obtained  with  cellulose  acetate  cards  each  0.025  cm 
(0.01  inch)  thick  and  5. 08  cm  (2.00  Inches)  in  'diameter  and 
polymethylmethacrylate  (PMMA)*  discs  equivalent  to  50  (0.5 
Inches)  and  100  (1,0  inch)  cards.  Thus  it  is  possible  to 
obtain  any  thickness  of  gap  in  Increments  of  0,025  cm  (0,01 
inch)  by  using  the  cards,  discs,  or  a  combination  of  both.  It 
had  been  determined  that  cellulose  acetate  and  PMMA  discs  may 
be  used  interchangeably  (5). 

The  acceptor  is  cast,  pressed  or  in  this  Instance  poured 
into  a  standard  cold  drawn,  mild  steel,  seamless  pipe,  l5ie 
witness  plate  is  made  of  mild  steel,  0,95  cm  (3/8  inch)  thick 
and  15,2  cm  (4  Inches)  square.  After  a  test,  a  plate  which  is 
retrieved  with  a  hole  In  it  is  taken  as  evidence  of  a  "go"  in 
this  go/no-go  test. 

The  extended  gap  test  differs  from  the  NOL  standau’d  test 
in  that  an  explosive  (rather  than  a  steel  plate)  witness  is 
used  (Fig.  2),  The  steel  witness  plate  is  used  here  to  judge 
whether  the  explosive  witness  detonated  or  not.  With  an  explo¬ 
sive  witness  it  is  possible  to  test  materials  which  are  shock 
sensitive  but  which  do  not  develop  a  detonation  pressure  large 
enotigh  to  punch  a  hole  in  the  steel  witness  plate.  In  the 
present  instance,  cast  TNT  was  used  as  the  explosive  witness. 


RESULTS 

The  standard  NOL  gap  tests  made  with  HP-61  gave  a  no-go. 
The  witness  plate  for  the  test,  made  at  a  gap  of  one  card, 
contained  a  deep,  derby-shaped  bulge,  but  no  hole,  which  is  the 
criterion  for  a  go  (Figure  3).  Table  1  contains  the  results  of 
tests  made  with  gaps  ranging  up  to  15O  cards.  In  all  Instances 
the  plates  were  bulged  as  in  Figure  4.  This  indicated  that  a 
strong  chemical  reaction  occurred  (possibly  a  detonation)  whose 
reaction  pressure  was  below  that  required  to  produce  a  hole  In 
the  witness  plate.  Table  2  contains  the  results  of  the  extended 
gap  test.  The  50^5  point  jf  HP-61  was  determined  as  121  cards, 

DISCUSSION 

Ey  the  NOL  extended  gap  test,  HP-6I  with  a  50^  gap  of 
121  cards  (119  cards  for  a  pentolite  donor)  falls  in  the  class 
of  propellants  for  which  the  chief  hazard  is  mass  detonation 
(1).  By  the  Bureau  of  Explosives  test  IB-1  (1),  however. 


♦  Usually  Plexiglas  manufvactured  by  Rohm  and  Haas 
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HP-61  Is  considered  a  material  for  which  the  chief  hazard  is 
combustion*  These  contradictory  classifications  of  the  same 
material  arise  for  two  reasons: 

(1)  The  NOL  test  result  is  determined  principally  by  the 
shock  sensitivity  of  the.  material,  no  matter  how  weak  or  how 
strong  the  reaction  initiated  by  the  shock.  The  Biu'eau  of 
Explosives  test,  on  the  other  hand,  measures  chiefly  the  damage 
caused  by  whatever  reaction  is  initiated,  A  two  inch  cube  of 
the  material  la  placed  on  a  lead  cylinder  (1,5  in,  dlam  x  4  in, 
length)  and  initiated  by  a  blasting  cap;  damage  to  the  lead 
cylinder  is  the  test  result.  Ease  of  initiation  and  amount  of 
damage  caused  by  the  reaction  initiated  are  not  necessarily 
related.  In  the  case  of  organic  H,E,,  detonations  do  cause 
large  amounts  of  damage,  but  for  composite  explosives,  e.g,, 
HP-ol,  this  is  obviously  not  always  so, 

(2)  The  limiting  gap  value  of  70  cards  was  selected  for 
non-porous  propellants  of  much  higher  inpedance  than  the  HP-6I, 
e»g,,  of  densities  1,7  g/cc  and  greater  rather  than  0,8  g/cc. 
For  this  reason,  granular  and  non-porous  materials  cannot  be 
Judged  on  the  same  scale;  this  matter  was  discussed  at  some 
length  in  Ref,  (4),  A  gap  of  121  cards  for  HP-6I  Indicates  a 
much  lower  pressxire  transmitted  to  a  sample  of  0.8  g/cc  than  to 
one  of  1,7  g/cc.  Hence  a  valid  comparison  can  only  be  made  in 
terms  of  pressures  transmitted  to  the  two  test  samples,  not  in 
terms  of  the  50^  gap  thickness  measured  in  the  two  casesT 

HP- 61  is  much  more  sensitive  than  a  voidless  propellant  which 
has  the  same  505^  gap  thickness  of  121  cards. 

From  the  standpoint  of  hazards,  both  factors;  ease  of 
Initiating  the  reaction  and  the  damage  which  the  reaction  can 
cause,  once  it  is  initiated,  aire  inportant.  It  is  necessary  to 
design  tests  to  measure  such  factors  quantitatively  (and,  if 
possible,  separately),  and  then  assign  them  weighting  according 
to  their  respective  roles  in  hazardous  situations.  With 
sufficient  exact  knowledge,  ^biguitles  in  classification  such 
as  that  illustrated  with  HP-61  may  be  avoided. 

Inasmuch  as  detonation  of  HP-6I  will  cause  a  large 
amount  of  damage  (even  thoxigh  less  than  an  equal  amount  of  TNT), 
it  shoxild  be  classified  as  a  mass  detonating  matui’lul  in  accord 
with  its  shock  sensitivity. 
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TABLE  1  -  Results 

of  the  Standard  Gap  Test 

Shot  No. 

Cards 

Result^ 

1 

1 

2 

60 

± 

5 

115 

± 

4 

122 

± 

5 

150 

•  +  -  go 

-  -  no-go 

±  -  no-go,  but  plate  contains  a  depression  (see  Pig, 

4) 

Tetryl  lot  No.  1878- 125 

_ 

TABLE  2  - 

Shot  No. 

Results  of  the  Extended  Gap  Test* 

Cards 

Result 

1 

1 

+ 

2 

1 

+ 

5 

51 

4 

75 

+ 

5 

150 

- 

6 

110 

+ 

7 

130 

- 

8 

120 

+ 

9 

125 

- 

10 

123 

- 

11 

121 

+ 

12 

122 

- 

50535  Point 

121  Cards 

*  Witness:  cast  TNT 
Tetryl  lot:  I&7S-125 
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